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INTRODUCTION 

Aquatic  invertebrates  are  aptly  applied  to  bioassessment  since  they  are  known 
to  be  important  indicators  of  stream  ecosystem  health  (Hynes  1970).  Long  lives, 
complex  life  cycles,  and  limited  mobility  mean  that  there  is  ample  time  for  the  benthic 
community  to  respond  to  cumulative  effects  of  environmental  perturbations. 

This  report  summarizes  data  collected  in  2003  from  40  sites  in  the  Big  Hole 
River  Watershed,  in  the  Beaverhead,  Silver  Bow,  and  Deer  Lodge  Counties  of  Montana. 
Some  sites  in  this  study  lie  within  the  Montana  Valley  and  Foothill  Prairies  (MVFP) 
ecoregion  (Woods  et  al.  1999)  and  others  in  the  Northern  Rockies  ecoregion. 

A  multimetric  approach  to  bioassessment  such  as  the  one  applied  in  this  study 
uses  attributes  of  the  assemblage  in  an  integrated  way  to  measure  biotic  health.  A 
stream  with  good  biotic  health  is  "...a  balanced,  integrated,  adaptive  system  having  the 
full  range  of  elements  and  processes  that  are  expected  in  the  region's  natural 
environment..."  (Karr  and  Chu  1999).  The  approach  designed  by  Plafkin  et  al.  (1989) 
and  adapted  for  use  in  the  State  of  Montana  has  been  defined  as  "...  an  array  of 
measures  or  metrics  that  individually  provide  information  on  diverse  biological 
attributes,  and  when  integrated,  provide  an  overadl  indication  of  biological  condition." 
(Barbour  et  al.  1995).  Community  attributes  that  can  contribute  meaningfully  to 
interpretation  of  benthic  data  include  assemblage  structure,  sensitivity  of  community 
members  to  stress  or  pollution,  eind  functional  traits.  Each  metric  component 
contributes  an  independent  measure  of  the  biotic  integrity  of  a  stream  site;  combining 
the  components  into  a  total  score  reduces  variance  and  increases  precision  of  the 
assessment  (Fore  et  al.  1996).  Effectiveness  of  the  integrated  metrics  depends  on  the 
applicability  of  the  underlying  model,  which  rests  on  a  foundation  of  three  essential 
elements  (Bollman  1998a).  The  first  of  these  is  an  appropriate  stratification  or 
classification  of  stream  sites,  t3^ically  by  ecoregion.  Second,  metrics  must  be  selected 
based  upon  their  ability  to  accurately  express  biological  condition.  Third,  an  adequate 
assessment  of  habitat  conditions  at  each  site  to  be  studied  enhances  the  interpretation 
of  metric  outcomes. 

Implicit  in  the  multimetric  method  and  its  associated  habitat  assessment  is  an 
assumption  of  correlative  relationships  between  habitat  measures  and  the  biotic 
metrics,  in  the  absence  of  water  quality  impairment.  These  relationships  may  vary 
regionally,  requiring  an  examination  of  habitat  assessment  elements  and  biotic  metrics 
and  a  test  of  the  presumed  relationship  between  them.  Bollman  (1998a)  has  recently 
studied  the  assemblages  of  the  Montana  Valleys  amd  Foothill  Prairies  ecoregion,  and 
has  recommended  a  battery  of  metrics  applicable  to  the  montane  ecoregions  of  western 
Montana.  This  metric  battery  has  been  shown  to  be  sensitive  to  impairment,  related  to 
measures  of  habitat  integrity,  and  consistent  over  replicated  samples. 

METHODS 

Samples  were  collected  in  2003  by  Montana  DEQ  personnel.  Sample 
designations  and  site  locations  are  indicated  in  Tables  la  and  lb,  aind  approximate 
locations  are  illustrated  in  Figure  1.  The  site  selection  and  sampling  method  employed 
were  those  recommended  in  the  Montana  Department  of  Environmentad  Quadity  (DEQ) 
Standard  Operating  Procedures  for  Aquatic  Macroin vertebrate  Sampling  (Bukantis 
1998).  Aquatic  invertebrate  saimples  were  delivered  to  Rhithron  Associates,  Inc., 
Missoula,  Montana,  for  laboratory  and  data  analyses. 

In  the  laboratory,  the  Montana  DEQ-recommended  sorting  method  was  used  to 
obtain  subsamples  of  at  least  300  organisms  from  each  sample,  when  possible. 
Organisms  were  identified  to  the  lowest  possible  taxonomic  levels  consistent  with 
Montana  DEQ  protocols. 
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Figure  1.  Approximate  locations  of  sampling  sites.  Big  Hole  River  watershed,  2003. 


To  assess  aquatic  invertebrate  communities,  a  multimetric  index  developed  in 
previous  work  for  streams  of  western  Montana  ecoregions  (Bollman  1998a)  was  used. 
Multimetric  indices  result  in  a  single  numeric  score,  which  integrates  the  values  of 
several  individual  indicators  of  biologic  health.  Each  metric  used  in  this  index  was 
tested  for  its  response  or  sensitivity  to  varying  degrees  of  human  influence.  Correlations 
have  been  demonstrated  between  the  metrics  and  various  symptoms  of  human-caused 
impairment  as  expressed  in  water  quality  parameters  or  instream,  streambank,  and 
stream  reach  morphologic  features.  Metrics  were  screened  to  minimize  variability  over 
natural  environmental  gradients,  such  as  site  elevation  or  sampling  season,  which 
might  confound  interpretation  of  results  (Bollman  1998a).  The  multimetric  index  used 
in  this  report  incorporates  multiple  attributes  of  the  sampled  assemblage  into  an 
integrated  score  that  accurately  describes  the  benthic  community  of  each  site  in  terms 
of  its  biologic  integrity.  In  addition  to  the  metrics  comprising  the  index,  other  metrics 
shown  to  be  applicable  to  biomonitoring  in  other  regions  (Kleindl  1995,  Patterson  1996, 
Rossano  1995)  were  used  for  descriptive  interpretation  of  results.  These  metrics  include 
the  number  of  "dinger"  taxa,  long-lived  taxa  richness,  the  percent  of  predatory 
organisms,  and  others.  They  are  not  included  in  the  integrated  bioassessment  score, 
however,  since  their  performance  in  western  Montana  ecoregions  is  unknown.  However, 
the  relationship  of  these  metrics  to  habitat  conditions  is  intuitive  and  reasonable. 

The  six  metrics  constituting  the  bioassessment  index  used  for  MVFP  sites  in  this 
study  were  selected  because,  both  individually  and  as  an  integrated  metric  battery,  they 
are  robust  at  distinguishing  impaired  sites  from  relatively  unimpaired  sites  (Bollman 
1998a).  In  addition,  they  are  relevant  to  the  kinds  of  impacts  that  are  present  in  the  Big 
Hole  River  watershed.  They  have  been  demonstrated  to  be  more  variable  with 
anthropogenic  disturbance  than  with  natural  environmental  gradients  (Bollman  1998a). 
Each  of  the  six  metrics  developed  and  tested  for  western  Montana  ecoregions  is 
described  below. 

1.  Ephemeroptera  (mayfly)  taxa  richness.  The  number  of  mayfly  taxa 
declines  as  water  quality  diminishes.  Impairments  to  water  quality  which  have  beeii 
demonstrated  to  adversely  affect  the  ability  of  mayflies  to  flourish  include  elevated 
water  temperatures,  heavy  metal  contamination,  increased  turbidity,  low  or  high 
pH,  elevated  specific  conductance  and  toxic  chemicals.  Few  mayfly  species  are  able 
to  tolerate  certain  disturbances  to  instream  habitat,  such  as  excessive  sediment 
deposition. 

2.  Plecoptera  (stonefly)  taxa  richness.  Stoneflies  are  peu-ticularly 
susceptible  to  impairments  that  affect  a  stream  on  a  reach-level  scale,  such  as  loss 
of  riparian  canopy,  streeimbank  instability,  chsmnelization,  and  alteration  of 
morphological  features  such  as  pool  frequency  and  function,  riffle  developmient  and 
sinuosity.  Just  as  all  benthic  organisms,  they  are  also  susceptible  to  smailler  sceJe 
habitat  loss,  such  as  by  sediment  deposition,  loss  of  interstitial  spaces  between 
substrate  particles,  or  unstable  substrate. 

3.  Trichoptera  (caddisfly)  taxa  richness.  Caddisfly  taxa  richness  has  been 
shown  to  decline  when  sediment  deposition  eiffects  habitat.  In  addition,  the  presence 
of  certain  case-building  caddisflies  can  indicate  good  retention  of  woody  debris  and 
lack  of  scouring  flow  conditions. 

4.  Number  of  sensitive  taxa.  Sensitive  taxa  are  generally  the  flrst  to 
disappesir  as  anthropogenic  disturbances  increase.  The  list  of  sensitive  taxa  used 
here  includes  organisms  sensitive  to  a  wide  range  of  disturbances,  including  wanner 
water  temperatures,  organic  or  nutrient  pollution,  toxic  pollution,  sediment 
deposition,  substrate  instability  Eind  others.  Unimpsdred  streams  of  western 
MontEina  typically  support  at  least  four  sensitive  taxa  (Bollman  1998a). 

5.  Percent  filter  feeders.  Filter-feeding  organisms  are  a  diverse  group; 
they  capture  small  particles  of  organic  matter,  or  organically  enriched  sediment 
material,  firom  the  water  column  by  means  of  a  variety  of  adaptations,  such  as 


silken  nets  or  hairy  appendages.  In  forested  montane  streams,  fllterers  are  expected 
to  occur  in  insignificsmt  numbers.  Their  abundance  increases  when  canopy  cover  is 
lost  and  when  water  temperatures  increase  and  the  accompanying  growth  of 
filamentous  algae  occurs.  Some  filtering  organisms,  specifically  the  Arctopsychid 
caddisflies  (Arctopsyche  spp.  and  Parapsyche  spp .)  build  silken  nets  with  large  mesh 
sizes  that  capture  small  organisms  such  as  chironomids  and  early-instar  mayflies. 
Here  they  are  considered  predators,  and,  in  this  study,  their  abundance  does  not 
contribute  to  the  percent  filter  feeders  metric. 

6.    Percent  tolerant  taxa.  Tolerant  taxa  are  ubiquitous  in  stream  sites,  but 
when  disturbance  increases,  their  abundance  increases  proportionately.  The  list  of 
taxa  used  here  includes  organisms  tolerant  of  a  wide  reuige  of  disturbauices, 
including  warmer  water  temperatures,  organic  or  nutrient  pollution,  toxic  pollution, 
sediment  deposition,  substrate  instability  and  others. 

Scoring  criteria  for  each  of  the  six  metrics  are  presented  in  Table  2.  Metrics 
differ  in  their  possible  value  ranges  as  well  as  in  the  direction  the  values  move  as 
biological  conditions  cheinge.  For  example,  Ephemeroptera  richness  values  may  range 
from  zero  to  ten  taxa  or  higher.  Larger  values  generally  indicate  favorable  biotic 
conditions.  On  the  other  hand,  the  percent  filterers  metric  may  range  from  0%  to  100%; 
in  this  case,  larger  values  aure  negative  indicators  of  biotic  health.  To  facilitate  scoring, 
therefore,  metric  values  were  transformed  into  a  single  scale.  The  rauige  of  each  metric 
has  been  divided  into  four  parts  and  assigned  a  point  score  between  zero  and  three.  A 
score  of  three  indicates  a  metric  value  similar  to  one  characteristic  of  a  non-impsdred 
condition.  A  score  of  zero  indicates  strong  deviation  from  non-impaired  condition  and 
suggests  severe  degradation  of  biotic  heedth.  Scores  for  each  metric  were  summed  to 
give  an  overall  score,  the  total  bioassessment  score,  for  each  site  in  each  saunpling 
event.  These  scores  were  expressed  as  the  percent  of  the  maximum  possible  score, 
which  is  18  for  this  metric  battery.  The  total  bioassessment  score  for  each  site  was 
expressed  in  terms  of  use-support.  Criteria  for  use-support  designations  were  developed 
by  Montana  DEQ  and  are  presented  in  Table  3a.  Scores  were  also  translated  into 
impairment  classifications  according  to  criteria  outlined  in  Table  3b. 


Table  2.  Metrics  and  scoring  criteria  for  bioassessment  of  streams  of  the  Montana 
Valley  and  Foothill  Prairies  ecoregion  (BoUman  1998a). 

Score 

Metric  3  2  1  0~ 

Ephemeroptera  taxa  richness 

Plecoptera  taxa  richness 

Trichoptera  taxa  richness 

Sensitive  taxa  richness 

Percent  filterers 

Percent  tolerant  taxa 


>  5 

5  -4 

3-2 

<2 

>3 

3  -2 

1 

0 

>4 

4-3 

2 

<2 

>3 

3-2 

1 

0 

0-5 

5.01  -  10 

10.01  -25 

>25 

0-5 

5.01  -  10 

10.01  -35 

>35 

i 


Table3a.  Criteria  for  the  assignment  of  use-support  classifications  /  standards  violation 
thresholds  (Bukantis  1998). 

%  Comparability  to  reference 

Use  support 

>75 

25-75 
<25 

Full  support— standards  not  violated 

Partial  support— moderate  impairment— standards  violated 

Non-support— severe  impairment— standards  violated 

TableSb.  Criteria  for  the  assignment  of  impaiiinent  classifications  (Plafkin  et  al.  1989). 

%  Comparability  to  reference 

Classification 

>83 
54-79 
21-50 
<17 

nonimpaired 
slightly  impaired 
moderately  impaired 
severely  impaired 

In  this  report,  certain  other  metrics  were  used  as  descriptors  of  the  benthic 
community  response  to  habitat  or  water  quality  but  were  not  incorporated  into  the 
bioassessment  metric  battery,  either  because  they  have  not  yet  been  tested  for 
reliability  in  streams  of  western  Montana,  or  because  results  of  such  testing  did  not 
show  them  to  be  robust  at  distinguishing  impairment,  or  because  they  did  not  meet 
other  requirements  for  inclusion  in  the  metric  battery.  These  metrics  and  their  use  in 
predicting  the  causes  of  impairment  or  in  describing  its  effects  on  the  biotic  community 
are  described  below. 

•  The  modified  biotic  index.  This  metric  is  an  adaptation  of  the  Hilsenhoff  Biotic 
Index  (HBI,  Hilsenhoff  1987),  which  was  originally  designed  to  indicate  organic 
enrichment  of  waters.  Values  of  this  metric  are  lowest  in  least  impacted 
conditions.  Taxa  tolerant  to  saprobic  conditions  are  also  generally  tolerant  of 
warm  water,  fine  sediment  and  heavy  filamentous  algae  growth  (Bollman 
1998b).  Loss  of  canopy  cover  is  often  a  contributor  to  higher  biotic  index  values. 
The  taxa  values  used  in  this  report  are  modified  to  reflect  habitat  gind  water 
quality  conditions  in  Montana  (Bukantis  1998).  Ordination  studies  of  the 
benthic  fauna  of  Montana's  foothill  prairie  streams  showed  that  there  is  a 
correlation  between  modified  biotic  index  values  and  water  temperature, 
substrate  embeddedness,  and  fine  sediment  (Bollmein  1998a).  In  a  study  of 
reference  streams,  the  average  value  of  the  modified  biotic  index  in  least- 
impaired  streams  of  western  Montana  was  2.5  (Wisseman  1992). 

•  Taxa  richness.  This  metric  is  a  simple  count  of  the  number  of  unique  taxa 
present  in  a  sztmple.  Average  taxa  richness  in  samples  from  reference  streams  in 
western  Montana  was  28  (Wisseman  1992).  Taxa  richness  is  an  expression  of 
biodiversity,  and  generally  decreases  with  degraded  habitat  or  diminished  water 
quality.  However,  taxa  richness  may  show  a  paradoxical  increase  when  mild 
nutrient  enrichment  occurs  in  previously  oligotrophic  waters,  so  this  metric 
must  be  interpreted  with  caution. 

•  Percent  predators.  Aquatic  invertebrate  predators  depend  on  a  reliable  source  of 
invertebrate  prey,  suid  their  abundance  provides  a  measure  of  the  trophic 
complexity  supported  by  a  site.  Less  disturbed  sites  have  more  plentiful  habitat 
niches  to  support  diverse  prey  species,  which  in  turn  support  abundant 
predator  species. 


•  Number  of  "dinger*  teixa.  So-called  "dinger'  taxa.  have  physical  adaptations  that 
allow  them  to  ding  to  smooth  substrates  in  rapidly  flowing  water.  Aquatic 
invertebrate  "dingers*  are  sensitive  to  fine  sediments  that  fill  interstices  between 

. .,,.,.       substrate  particles  and  eliminate  habitat  complexity.  Animals  that  occupy  the 
hyporheic  zones  are  included  in  this  group  of  taxa.  Expected  "dinger*  taxa 
richness  in  unimpaired  streams  of  western  Montana  is  at  least  14  (Bollman 
1998b). 

•  Number  of  long-lived  taxa.  Long-lived  or  semivoltine  taxa  require  more  than  a 
year  to  completely  develop,  and  their  numbers  decline  when  habitat  and/ or 
water  quality  conditions  are  unstable.  They  may  completely  disappear  if 
channels  are  dewatered  or  if  there  sire  periodic  water  temperature  elevations  or 
other  interruptions  to  their  life  cycles.  Western  Montana  stresuns  with  stable 
habitat  conditions  are  expected  to  support  six  or  more  long-lived  taxa  (Bollman 
1998b). 

RBSX7LTS 

Bloassessxnent 

Figures  2a  and  2b  summarize  bioassessment  scores  for  aquatic  invertebrate 
communities  sampled  from  sites  in  the  Big  Hole  River  watershed.  Tables  4a  through  4d 
itemize  each  contributing  metric  and  show  individual  metric  scores  for  each  site.  Tables 
3a  and  3b  above  show  criteria  for  impsdrment  classifications  (Plafkin  et  al.  1989)  and 
use-support  categories  recommended  by  Montana  DEQ  (Bukantis  1998). 

When  this  method  is  applied  to  these  data,  scores  suggest  that  14  sites  were 
essentially  non-impaired  and  fully  supported  designated  uses.  These  sites  were:  the 
upstream  sites  on  Pine  Creek  (PINEOl),  Fox  Creek  (FOXOl),  Doolittle  Creek  (DOLTOl), 
LaMarche  Creek  (LMCHOl),  Elkhom  Creek  (ELKHOl),  and  Camp  Creek  {CAMP03);  all 
sampled  sites  on  Lost  Creek  (LOSTOl  and  LOST02),  Gold  Creek  (GOLDOl  and 
GOLD02),  and  Delano  Creek  (DLNOOl  and  DLNO02);  and  sites  on  MacLean  Creek 
(MCLNOl),  and  Charcoal  Gulch  Creek  (CHRGOl).  Scores  indicated  slight  impairment 
but  full  use  support  at  5  sites.  These  were  the  upstream  sites  on  Warmsprings  Creek 
(WRMSOl)  and  Soap  Creek  (SOAPOl),  the  downstream  sites  on  Fish  trap  Creek 
(FSHT02)  and  Elkhom  Creek  (ELKH02),  and  the  site  sampled  on  Jerry  Creek  (JERROl). 
Ten  sites  scored  slight  impairment  and  partial  support  of  designated  uses.  These  were 
the  downstream  sites  on  Pine  Creek  (P1NE02),  Fox  Creek  (FOX02),  Warmsprings  Creek 
(WRMS02),  Swamp  Creek  (SWMP02),  LaMarche  Creek  (LMCH02),  and  Soap  Creek 
(SOAP02);  the  middle  site  on  Camp  Creek  (CAMP02);  the  upper  site  on  Fishtrap  Creek 
(FSHTOl);  and  both  sites  sampled  on  the  North  Fork  Big  Hole  River  (BGHNFOl  and 
BGHNF02).  Moderate  impairment  and  partial  use  support  was  indicated  at  7  sites. 
These  were  the  upper  sites  on  Francis  Creek  (FRANOl),  Swamp  Creek  (SWMPOl); 
downstream  sites  on  Doolittle  Creek  (DOLT02)  and  Divide  Creek  (DIVD02),  both 
sampled  sites  on  McVey  Creek  (MCVYOl  and  MCVY02);  and  the  site  on  Grose  Creek 
(GROSOl).  Three  sites  were  moderately  impaired  and  did  not  support  uses.  These  were 
the  downstream  sites  on  Francis  Creek  (FRAN02)  and  Camp  Creek  (CAMPOl),  and  the 
site  on  Sawlog  Creek  (SWLGOl).  The  upper  site  on  Divide  Creek  (DlVDOl)  was  severely 
impsdred  and  did  not  support  designated  uses. 
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Aquatic  invertebrate  communities 

Interpretations  of  biotic  integrity  in  this  report  Eire  made  without  reference  to 
results  of  habitat  assessments,  or  any  other  information  about  the  sites  or  watersheds 
that  may  have  accompanied  the  invertebrate  samples.  Interpretations  are  based  entirely 
on:  the  taxonomic  and  functional  composition  of  the  sampled  invertebrate  assemblages; 
the  sensitivities,  tolerances,  physiology,  and  habitus  information  for  individual  taxa 
gleaned  from  the  writer's  research;  the  published  literature,  and  other  expert  sources; 
and  on  the  performance  of  bioassessment  metrics,  described  earlier  in  the  report,  which 
have  been  demonstrated  to  be  useful  tools  for  interpreting  potential  implications  of 
benthic  invertebrate  assemblage  composition. 

Pine  Creek 

One  hundred  feet  upstream  of  the  USPS  boundary.  Pine  Creek  (PINEOl) 
supported  at  least  9  mayfly  taxa;  this  suggests  that  water  quality  was  good  at  this  site. 
The  elevated  biotic  index  (4.49)  appears  to  be  due  to  an  abundance  of  midges.  Forty-five 
percent  of  sampled  animals  in  1 3  taxa  were  chironomids.  Thirteen  taxa  made  up  the 
chironomid  assemblage.  This  could  indicate  some  degradation  of  water  quality,  perhaps 
associated  with  a  thermal  challenge.  A  single  cold-stenotherm  taxon  was  tsiken. 

Nineteen  "dinger"  taxa  and  5  caddisfly  taxa  were  collected,  suggesting  that  stony 
substrate  habitats  were  free  from  sediment  deposition.  Other  instream  habitats  appear 
to  have  been  diverse  and  undisturbed.  Forty-one  taxa  were  collected  and  10  of  these 
were  predators.  Stonefly  taxa  richness  (4)  was  within  expectations;  this  could  indicate 
that  reach-scale  habitat  features  such  as  streambanks  and  riparian  areas  were  intact 
and  functional.  Although  5  semivoltine  taxa  were  represented,  none  was  abundant; 
there  were  only  8  long-lived  individuals  in  the  sample.  This  could  indicate  that  there 
was  a  recent  interruption  to  long  life  cycles,  such  as  loss  of  surface  flow,  scouring 
sediment  pulses,  or  toxic  inputs.  The  functional  composition  of  the  assemblage 
included  all  expected  elements.  Shredders  were  abundant,  but  many  of  these  were 
midges  (Cricotopus  spp.)  that  are  associated  with  filamentous  algae  rather  than  the 
expected  assemblage  of  shredders  reliant  on  ample  riparian  inputs  of  large  organic 
debris. 

At  the  downstream  site  on  Pine  Creek  (PINE02),  the  biotic  index  value  (2.84)  was 
low,  but  mayfly  taxa  richness  (5)  did  not  meet  expectations.  Cold  stenotherms  remained 
rare;  a  single  taxon  was  taken  in  the  sample.  Although  midges  were  not  as  abundant  as 
at  the  upstream  site,  the  chironomid  assemblage  was  diverse;  eleven  taxa  were 
collected.  It  seems  likely  that  water  temperatures  were  somewhat  warmer  than  expected 
in  both  sampled  reaches  of  Pine  Creek.  The  lower  site  supported  a  few  taxa  that  prefer 
warmer  water,  such  as  the  caddisflies  Helicopsyche  borealis  and  Ochrotrichia  sp. 

The  "dinger'  fauna  was  exceptionally  rich  at  this  location;  twenty-three  taxa 
were  collected.  This  finding,  along  with  the  presence  of  10  caddisfly  taxa  in  the  sample, 
suggests  that  fine  sediment  deposition  did  not  substantially  compromise  benthic 
substrate  habitats.  Overall  taxa  richness  (37)  was  high,  and  5  collected  taxa  were 
predators.  Instream  habitats  were  likely  diverse  and  available.  Reach-scale  habitat 
features,  such  as  streambank  stability,  riparian  zone  integrity,  and  natural  channel 
morphology  may  have  suffered  some  disturbance.  Such  disturbance  may  be  reflected  in 
the  low  stonefly  taxa  richness  (2).  No  fewer  than  8  semivoltine  taxa  were  present  at  the 
site,  impljring  that  surface  flow  persisted  year-round,  and  that  life  cycle-interrupting 
catastrophes  did  not  recently  occur.  All  expected  functional  components  of  an 
integrated  benthic  assemblage  were  present  in  the  sample.  The  abundance  of  filter- 
feeders  seemed  to  be  entirely  appropriate  for  this  downstream  site. 
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Fox  Creek 

Upstream  of  the  USFS  boundary,  Fox  Creek  (FDXOl)  supported  a  sensitive  and 
diverse  benthic  assembleige  that  appeared  to  be  appropriate  for  a  foothill  stream.  The 
biotic  index  value  (3.06)  was  within  expected  limits,  euid  the  majrfly  fauna  was  rich  (8 
tetxa).  Four  cold-stenotherm  taxa  were  among  the  sampled  animals;  these  included  the 
dipteran  Glutops  sp.  and  the  stonefly  Doroneuria  sp. 

Twenty  "dinger"  tEixa  and  6  caddisfly  taxa  are  evidence  that  hard  benthic 
substrates  were  not  obliterated  by  fine  sediment  deposition.  Other  instream  habitats 
appear  to  have  been  diverse,  since  the  site  supported  at  least  4 1  taxa  eind  the  predator 
fauna  was  rich  (9  taxa).  Stonefly  taxa  richness  may  be  associated  with  reach-scade 
habitat  features;  in  this  case,  streambank  integrity,  riparian  zone  function,  and  natural 
channel  morphology  were  probably  intact,  since  6  stonefly  taxa  were  collected. 
Dewatering  or  other  disasters  seem  unlikely,  since  9  semivoltine  taxa  were  among  the 
sampled  assemblage.  Gatherers  dominated  the  functional  mix;  this  suggests  that  ample 
fine  pairticulate  organic  material  was  present  here.  All  other  expected  functional 
components  were  also  present  in  the  sample. 

Above  the  moudi  of  Andrus  Creek,  Fox  Creek  (FOX02)  appeared  to  support  a 
mildly  tolerant  assemblage;  the  biotic  index  value  calculated  for  the  sampled  animals 
was  4.18.  The  calculation  may  have  been  skewed  by  the  tolerance  of  the  dominant 
taxon,  which  was  the  gregarious  elmid  Optiosertnxs  sp.  Still,  8  ma3^y  taxa  were  present 
in  the  sample,  suggesting  that  water  quality  was  likely  good  at  this  site.  Although  3 
sensitive  cold-stenotherm  taxa  were  collected,  none  was  abundant.  There  may  have 
been  a  slight  thermal  challenge  here.  A  few  of  the  taxa  supported  at  the  site  prefer 
warmer  water  temperatures,  including  the  haliplid  Brychius  sp.  and  the  planorbid  snail 
Gyraulus  sp. 

Sediment  deposition  likely  did  not  limit  the  accessibility  of  stony  substrate 
habitats,  since  21  'dinger'  taxa  were  collected,  and  the  site  supported  at  least  10 
caddisfly  taxa.  Other  instream  habitats  were  probably  similarly  undisturbed;  the 
invertebrate  fauna  was  exceptionadly  rich  here.  Forty-seven  taxa  were  present  in  the 
sample.  Of  these,  1 1  taxa  were  predators.  Stonefly  taxa  richness  (4)  was  within 
expectations,  suggesting  that  reach-scale  habitat  features  were  probably  undisturbed. 
Abundant  semivoltine  animals  (5  taxa)  imply  year-round  surface  flow  and  the  absence 
of  disEistrous  toxic  inputs  or  scouring  sediment  pulses  in  the  recent  past.  All  expected 
functioned  components  in  appau-ently  appropriate  proportions  were  present. 

Warmsprings  Creek 

Exceptionally  high  mayfly  taxa  richness  (12)  and  low  biotic  index  value  (2.24) 
suggest  that  water  quality  was  excellent  at  the  upper  site  on  Warmsprings  Creek 
(WRMSOl).  No  fewer  than  6  cold-stenotherm  taixa  were  supported  at  the  site,  including 
the  sensitive  mayflies  Baetis  bicaudatus  and  Caudatella  edmundst  Cold  clean  water 
appears  to  have  characterized  this  site. 

Nine  caddisfly  taxa  and  31  'dinger'  taxa  were  collected,  suggesting  that 
sediment  deposition  did  not  limit  benthic  habitats  here.  The  high  overall  taxa  richness 
(42)  and  high  number  of  predator  taxa  (9)  imply  diverse  and  undisturbed  instream 
habitats.  Reach-scale  habitat  features  may  have  been  disturbed  to  some  extent,  since 
the  stonefly  taxa  richness  (3)  was  somewhat  depressed.  Since  8  semivoltine  taxa  were 
among  the  sampled  aoiimals,  it  seems  unlikely  that  interruptions  to  long  life  cycles, 
such  as  site  dewatering,  toxic  pollutemts,  or  scouring  sediments  were  among  recent 
events  here.  The  functional  composition  of  the  assemblage  contained  all  expected 
elements.  Abundant  scrapers  suggest  the  possibility  that  ripairiEui  shading  of  the 
channel  was  limited. 

Excellent  water  quality  e^pears  to  have  persisted  in  Warmsprings  Creek 
downstream  to  the  lower  site  near  Jackson  (WRMS02).  Mayfly  richness  (10)  was  high 
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here,  and  the  biotic  index  value  was  low  (2.73).  Cold  stenotherm  taxa  were  rare  at  this 
site,  however;  only  2  individuals  in  a  single  taxon  (Cricotopus  nostococladius)  were 
collected.  A  few  individuals  in  taxa  that  prefer  warm  water  were  taken,  including  the 
caddisfly  Cheumatopsyche  sp.  and  the  lymnaeid  snail  Fossaria  sp.  The  caddisfly 
Helicopsyche  borealis  was  especially  abundant.  Although  it  appears  that  water  quality 
was  good  here,  temperatures  were  apparently  warmer  than  at  the  upper  site. 

Twenty-three  "dinger"  taxa  and  9  caddisfly  taxa  were  strong  evidence  for  clean 
substrates,  uncontaminated  by  sediment  deposition.  Diverse  instream  habitats  were 
likely  available,  since  the  site  supported  at  least  38  taxa,  8  of  which  were  predators. 
Some  disturbance  to  reach-scale  habitat  features  such  as  riparian  zone  function  or 
natural  channel  morphology  may  be  evident  in  the  low  stonefly  taxa  richness;  three 
tsixa  were  collected.  Abundant  long-lived  emimals  in  7  taxa  were  tEiken  in  the  sample, 
implying  that  life-limiting  catastrophes  did  not  recently  occur  here.  The  functional  mix 
was  dominated  by  scrapers,  which  could  indicate  a  lack  of  riparian  shading.  All  other 
expected  functional  components  were  present. 

Francis  Creek 

Water  quality  impairment  is  suggested  by  the  high  biotic  index  value  (7.85) 
calculated  for  the  benthic  assemblage  sampled  at  the  upper  site  on  Francis  Creek 
(FRANOl).  Low  mayfly  taxa  richness  (4)  gives  strength  to  this  h5rpothesis.  Warm  water 
temperatures  and/or  nutrient  enrichment  are  implied  by  these  findings.  The  dominant 
taxon  was  the  tolerant  amphipod  Hyalella  sp.;  not  a  single  cold  stenotherm  was 
collected.  It  appears  that  lentic  habitats  were  included  with  flowing  water  in  the 
sampled  area,  since  some  of  the  taxa  collected  typically  occur  in  non-flowing  environs. 
For  example,  the  dytiscids  Hygrotus  sp.  and  Liodessus  sp.  are  associated  with  warm, 
still  waters.  Liodessus  sp.  is  typically  found  in  densely  vegetated  areas;  either 
macrophytes  or  filamentous  algae  are  suggested  by  its  presence  in  the  sample. 

°Clingers°  were  rare  in  the  sample;  only  2  taxa  were  represented,  and  neither 
was  abundant.  These  2  taxa,  Simulium  sp.  and  Cricotopus  (Cricotopus)  spp.  may  have 
been  associated  with  macrophyte  surfaces.  Not  a  single  caddisfly  was  collected.  These 
findings  suggest  that  benthic  habitats  were  mostly  limited  to  soft  sediments.  Some 
sampled  areas  may  have  been  hypoxic,  since  hemoglobin-bearing  taxa,  especially 
immature  tubificid  worms,  made  up  26%  of  sampled  animals.  Periodic  dewatering 
cannot  be  ruled  out  here,  since  the  few  semivoltine  taxa  (4)  that  were  collected  are 
opportunistic  colonizers.  No  stoneflies  were  taken  in  the  sample;  warm  water 
temperatures  may  limit  the  accessibility  of  this  site  to  this  group.  The  functional 
composition  of  the  fauna  was  dominated  by  gatherers,  suggesting  that  fine  particulate 
organic  material  was  ample  here. 

Warm  water  temperatures  and  nutrient  enrichment  persist  in  Francis  Creek  at 
the  downstream  site  near  Stanley  Creek  (FRAN02).  Warm-water  forms  dominate  the 
assemblage  collected  here;  among  these  were  the  mayfly  Tricorythodes  sp.  and  the 
amphipod  Hyalella  sp.  A  few  heptageniid  mayflies  (Mxe  sp.)  provide  evidence  that  some 
flowing  areas  were  sampled,  however,  most  of  the  taxa  in  the  sample  prefer  lentic 
environs.  The  high  biotic  index  value  (6.06),  low  mayfly  taxa  richness  (3),  and  high 
proportion  of  tolerant  animals  strongly  suggest  that  nutrient  enrichment  influenced 
benthic  community  composition  here. 

Two  caddisfly  taxa  and  9  "dinger'  taxa  were  among  the  sampled  animals. 
Among  the  "dingers"  present  here,  many  may  be  associated  with  macrophyte  surfaces 
instead  of  benthic  substrates.  These  findings  indicate  that  substrates  were  likely 
predominantly  silty  or  muddy.  Periodic  dewatering  may  additionadly  limit  biotic  headth 
at  this  site.  The  dominance  of  gatherers  aunong  the  functional  components  suggests 
that  fine  particulate  organic  material  was  the  major  energy  source  for  this  asssemblage. 
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Swamp  Creek 

High  biotic  index  value  (7.37)  and  low  mayfly  taxa  richness  (4)  imply  that 
nutrient  enrichment  and  warm  water  temperatures  characterized  the  site  on  Swamp 
Creek  upstream  of  Highway  43  (SWAMPOl).  Thirty-eight  percent  of  organisms  taken  in 
the  sample,  including  the  dominant  animal  Paratendipes  sp.  were  hemoglobin-bearers, 
suggesting  that  sediments  were  likely  hypoxic  here.  Near-lentic  conditions  eind 
abundant  macrophytes  are  suggested  by  the  presence  of  Anabolia  sp.  and  the  mayfly 
Caenis  sp. 

Muddy  or  silty  substrates  were  likely  at  this  site,  since  both  "dingers"  and 
caddisflies  associated  with  stony  benthic  substrates  were  rare.  The  functional  skew 
toward  gatherers  suggests  that  fine  particulate  organic  materied  was  readily  available. 
The  considerable  contribution  of  shredders  to  the  mix  was  probably  associated  with 
macrophyte  detritus  rather  than  ripztrian  inputs. 

Farther  downstream,  Swamp  Creek  (SWAMP02)  appears  to  develop  greater 
gradient  and  stonier  substrates.  This  site  supported  many  lotic  taxa;  many  lentic  taxa 
were  also  present.  Low  gradient,  still  water  eireas  apparently  made  up  a  large  part  of  the 
sampled  site.  Among  the  caddisfly  taxa  present  in  the  sample,  several  are  characteristic 
of  lentic  environs,  including  Anabolia  sp.,  Mystacides  sp.,  and  Triaenodes  sp.  The  biotic 
index  value  (6.30)  was  elevated  compared  to  expectations  for  a  valley  stream,  stnd 
edthough  the  mayfly  teixa  richness  (7)  was  high,  several  of  these  taxa  are  tolereint  of 
warm  water  and  nutrient  enrichment.  Among  these  are  Caenis  sp.  and  Tricorythades 
sp. 

Sediment  deposition  may  have  compromised  benthic  habitats  to  some  extent, 
since  the  number  of  "dinger"  taxa  (13)  taken  in  the  Scimple  was  slightly  lower  than 
expected.  The  hemoglobin-bearing  tubificid  lAmnodritus  sp.  was  abundant,  suggesting 
that  sediments  were  hypoxic  in  some  SEimpled  areas.  Similar  to  the  sites  where  near- 
lentic  conditions  constituted  psurt  of  the  sampled  environment,  gatherers  dominated  the 
functional  mix. 

North  Fork  Big  Hole  River 

At  the  Big  Hole  Battlefield  National  Monument,  the  North  Fork  Big  Hole  River 
(BGHNFOl)  supported  a  benthic  assemblage  characteristic  of  relatively  unimpaired 
riverine  conditions  in  the  MVFP  Ecoregion.  The  biotic  index  value  (4.11)  was  slightly 
elevated  compared  to  expectations  for  lower-order  streetms,  but  seems  entirely 
appropriate  for  a  larger  river.  At  least  12  mayfly  taxa  were  present  at  the  site;  among 
these  were  the  relatively  sensitive  Epeorus  albertae  and  Drunella  spinifera.  Although  not 
abundant,  cold  stenotherms  were  represented  by  2  taxa. 

Twenty-two  'dinger'  taixa  eind  7  caddisfly  taxa  were  collected,  suggesting  that 
sediment  deposition  did  not  obliterate  stony  benthic  substrate  habitats.  At  least  42  tcixa 
were  supported  at  this  site;  instream  habitats  of  all  types  were  likely  undisturbed  and 
availaible.  Some  disturbance  of  reach-scale  habitat  features,  such  as  ripeirian  zone 
function  or  streambank  stability  may  be  indicated  by  the  low  stonefly  taxa  richness  (3). 
Long-lived  taxa  were  well-represented  (6)  which  maikes  it  seem  unlikely  that  the  North 
Fork  suffered  episodic  dewatering  or  other  catastrophes  recently.  All  expected  elements 
were  present  in  the  functional  mix;  although  the  proportion  of  filter-feeders  was  higher 
than  expected  for  a  low-order  stream,  the  contribution  of  this  group  at  this  riverine  site 
appears  to  be  appropriate. 

Good  water  quality  appeeu-s  to  have  persisted  in  the  North  Fork  downstream.  At 
the  Lower  North  Fork  Road  (BGHNF02),  the  biotic  index  value  (4.06)  was  suitable  for 
riverine  environs.  Twelve  mayfly  taxa  were  present  in  the  sampled  assemblage,  and  2 
sensitive  taxa  were  collected. 

Sediment  deposition  probably  did  not  totally  obliterate  stony  substrate  habitats 
here,  since  the  site  supported  at  least  19  "dinger"  taxa.  Caddisfly  taxa  were  not  as  well- 
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represented  as  expected,  however,  and  4  sediment  tolersmt  taxa  were  present  in  the 
sample.  There  is  some  evidence  that  macrophytes  contributed  to  habitat  complexity 
here,  since  the  caddisfly  Triaenodes  sp.  was  collected.  Instream  habitats  were  likely 
diverse,  since  38  taxa  were  taken.  Reach-scale  habitat  features  may  have  been 
disturbed  to  some  extent.  Low  stonefly  taxa  richness  (2)  may  be  related  to  streambank 
instability,  loss  of  riparian  zone  integrity,  or  disruption  of  natural  channel  morphology. 
Long-lived  taxa  richness  (3)  was  low,  and  elmid  beetles  were  the  sole  constituents  of 
this  group.  Periodic  dewatering  or  other  limitations  to  long  life-cycles  cannot  be  ruled 
out  here.  The  functioned  composition  of  the  assemblage  contained  eJl  expected 
elements.  Similar  to  the  upstream  site,  the  proportional  contribution  of  filter-feeders 
seemed  entirely  appropriate  for  a  riverine  environment. 

McVey  Creek 

The  upper  site  on  McVey  Creek  (MCVYOl)  yielded  a  sample  with  only  22 
organisms,  in  spite  of  the  effort  documented  in  field  notes.  Extremely  low  abundance  of 
animals  in  kicknet  samples  when  adequate  sampling  effort  has  been  applied  suggests 
impaired  habitat  or  water  quality  conditions,  and  renders  bioassessment  unreliadble. 
The  sparse  assemblage  collected  here  cannot  support  interpretation. 

Upstream  of  Highway  43,  McVey  Creek  (MCVY02)  is  faunally  similar  to  the  other 
valley-floor  sites  Sctmpled  for  this  study,  such  as  those  on  Francis  Creek  and  Swamp 
Creek.  Amphipods,  leeches,  and  other  non-insect  tsixa  are  important  components  of 
these  assemblages,  and  high  biotic  index  values  are  characteristic.  In  this  case,  the 
biotic  index  value  was  6.28,  indicating  a  toleraint  assemblage.  Four  mayfly  taxa  were 
collected.  These  findings  suggest  nutrient  enrichment  and  warm  water  temperatures. 

'dingers'  were  represented  by  1 1  taxa,  and  4  caddisfly  taxa  were  present  in  the 
sample.  Deposited  fine  sediments  apparently  compromised  stony  substrates  here  to 
some  extent.  Macrophytes  may  have  contributed  to  overall  habitat  complexity,  since  the 
beetle  HaRplus  sp.  and  the  daunselfly  Argia  sp.  were  collected.  Long-lived  taxa  were 
poorly  represented;  four  individuals  in  4  taxa  were  taken.  This  site  may  not  support 
animals  with  long  life-cycles  because  of  periodic  dewatering,  thermal  challenges,  or 
toxic  inputs.  The  functional  composition  of  the  assemblage  is  skewed  toward  gatherers, 
which  appeairs  to  be  typical  of  the  valley  floor  sites  Scimpled  for  this  study. 

DooUttle  Creek 

Doolittle  Creek  at  the  gauge  station  (DOLTOl)  supported  a  benthic  assemblage 
characteristic  of  an  unimpaired  stream.  The  low  biotic  index  value  (2.73)  and  high 
mayfly  taxa  richness  (9)  indicate  that  water  quality  was  likely  excellent  at  this  site.  At 
least  1 1  cold  stenotherm  tEixa  and  13  sensitive  taxa  were  present  here.  The  sensitive 
taxa  included  the  mayflies  Caudatella  edmundsi  and  Baetis  bicaudatus,  and  the 
stonefly  Kogotus  nonus.  Cold  cleeui  water  appesirs  to  have  been  the  rule  here. 

Twenty-two  "dinger"  taxa  and  9  caddisfly  teixa  were  among  the  collected 
animals,  suggesting  that  stony  substrates  were  not  excessively  contaminated  by 
sediment  deposition.  Other  instream  habitats  were  likely  undisturbed,  since  40  taxa 
were  counted  in  the  sample.  The  stonefly  fauna  included  6  taxa;  high  stonefly  taxa 
richness  may  be  associated  with  intact  reach-scale  habitat  features.  Six  semivoltine 
taxa  were  tsiken.  Year-round  surface  flow  is  implied,  and  the  absence  of  disastrous  life-  " 
cycle  interruptions  such  as  scouring  sediment  pulses  or  toxic  inputs  seems  likely.  All 
expected  functional  components  were  present  in  the  sample  in  appropriate  proportions. 

The  sample  collected  at  the  site  upstream  of  Highway  43  (DOLT02)  3delded  only 
64  organisms;  this  is  too  few  for  reliable  bioassessment.  Field  notes  suggest  a  lengthy 
sampling  effort,  which  could  imply  disturbances  to  water  quality  and/  or  habitat 
conditions  severe  enough  to  limit  colonization  by  invertebrates. 
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Sawlog  Creek 

Although  field  information  indicates  that  a  lengthy  sampling  effort  was  made, 
the  collection  at  Sawlog  Creek  (SWLGOl)  yielded  only  20  organisms.  Severe  disruptions 
of  habitat  features  or  degradation  of  water  quality  could  be  suggested  by  this  dearth  of 
Eoiimals.  Bioassessment  or  interpretation  of  the  data  is  precluded  by  the  small  saimple 
size. 

Fishtrap  Creek 

At  the  upper  site,  Fishtrap  Creek  (FSHTOl)  supported  a  benthic  assemblage  that 
produced  a  biotic  index  value  (2.93)  indicating  that  water  quality  was  probably  good 
here.  Nine  mayfly  taxa  were  collected  in  the  sample;  this  finding  supports  the 
hjrpothesis. 

Twenty  'dinger"  taxa  and  8  caddisfly  taxa  were  present,  suggesting  that  stony 
substrate  habitats  were  not  rendered  unusable  by  sediment  deposition.  Taxa  richness 
(41)  £ind  predator  taxa  richness  (9)  were  high,  thus  it  seems  likely  that  diverse  habitats 
were  available  at  this  site.  Stoneflies  were  represented  by  only  3  taxa;  this  is  somewhat 
r:  fewer  than  expected,  and  could  be  related  to  disturbance  to  streambank  stability, 

riparian  zone  function,  or  other  reach-scale  habitat  features.  Eight  long-lived  taxa  were 
collected,  suggesting  that  surface  flow  persisted  here  yeair-round,  and  that  catastrophic 
interruptions  of  long  life  cycles  had  not  recently  occurred.  The  functional  composition  of 
the  assemblage  contsdned  all  expected  constituents.  The  dominance  of  gatherers  in  the 
functional  mix  may  be  associated  with  ample  supplies  of  fine  particulate  organic 
material. 

Downstream  from  the  Highway  43  bridge,  Fishtrap  Creek  (FSHT02)  appeared  to 
support  more  taxa  than  at  the  upstream  site.  Nine  mayfly  taxa  were  collected,  and  the 
biotic  index  value  calculated  for  the  assemblage  as  a  whole  was  3.96,  which  seems  to  be 
entirely  appropriate  for  a  valley  floor  stream  site. 

'Clinger'  taxa  (22)  and  caddisfly  taxa  (10)  were  well-represented,  likely 
indicating  that  sediment  deposition  was  not  limiting  to  biotic  health  here.  No  fewer  than 
6  stonefly  taxa  were  supported  at  the  site;  high  stonefly  taxa  richness  may  be 
associated  with  undisturbed  reach-scale  habitat  features.  Long  life  cycles  were  probably 
not  interrupted  by  dewatering  or  other  catastrophes,  since  8  semivoltine  taxa  were 
collected.  The  functional  mix  was  made  up  of  all  expected  components.  The  dominance 
of  gatherers  suggests  that  fine  organic  particulate  material  was  a  major  energy  source 
for  this  assemblage. 

.   LaMarche  Creek 

Upstream  of  the  USFS  boundsiry,  LaMarche  Creek  (LMCHOl)  supported  a 
benthic  assemblage  characteristic  of  minimally  disturbed  streams  in  the  NfVFP 
Ecoregion.  The  low  biotic  index  value  (2.14)  and  high  mayfly  taxa  richness  (11)  suggest 
that  water  quality  was  excellent  at  this  site.  Three  sensitive  cold  stenotherm  taxa  were 
collected,  including  the  mayflies  Caudatella  edmundsi  and  Drunella  doddsi.  Cold  clean 
water  apparently  characterized  this  reach. 

Eight  caddisfly  taxa  and  23  'dinger*  taxa  were  taken;  it  seems  unlikely  that 
benthic  habitats  were  compromised  by  sediment  deposition  here.  At  least  42  distinct 
taxa  were  supported  at  this  site,  and  13  of  these  were  predators.  Instream  habitats  of 
diverse  types  were  apparently  available  and  undisturbed.  Reach-scale  habitat  features 
were  likely  intact,  since  stonefly  taxa  richness  (5)  was  high.  Semivoltine  taxa  included 
the  perlid  stonefly  Hesperoperla  pacifica,  as  well  as  3  other  taxa.  The  presence  of  these 
taxa  suggests  that  dewatering  or  other  disasters  did  not  recently  occur  in  this  reach. 
The  functional  composition  of  the  assemblsige  contained  all  expected  elements  in 
appropriate  proportions. 


Good  water  quality  and  intact  habitats  appear  to  have  persisted  to  the 
downstream  site  on  LaMarche  Creek  (LMCH02),  where  12  majrfly  taxa  were  collected. 
The  biotic  index  value  (3.21)  was  within  expectations  for  a  valley  stream. 

Sediment  deposition  was  probably  not  a  limiting  factor  at  this  site,  since  22 
'dinger'  taxa  and  9  caddisfly  taxa  were  collected  here.  The  fauna  represented  in  this 
sample  was  among  the  richest  collected  in  this  study;  forty-nine  taxa  were  identified. 
Instream  habitats  were  likely  plentiful  and  diverse.  Reach-scale  habitat  features  may 
have  suffered  some  disturbance,  since  stonefly  taxa  richness  (3)  was  somewhat  lower 
than  expected.  Such  disturbance  could  take  the  form  of  unstable  stregimbanks,  loss  of 
riparian  zone  function,  or  altered  channel  morphology.  Long-lived  taxa  were  well- 
represented  in  the  sample  collected  at  this  site.  Among  the  5  semivoltine  taxa  taken 
here  were  the  caddisflies  Arctopsyche  grandis  and  Brachycentrus  americanus.  These 
findings  suggest  that  surface  flow  persisted  year-round  here.  The  functional  mix  was 
appropriately  proportioned  among  the  expected  components.  Gatherers  dominated  the 
mix,  implying  an  aimple  supply  of  fine  particulate  organic  matter. 

Elkhom  Creek 

Although  field  notes  indicate  that  sampling  effort  was  lengthy,  samples  collected 
at  both  Elkhom  Creek  sites  did  not  contain  enough  invertebrates  to  meet 
bioassessment  requirements.  While  scores  aire  unreliable,  limited  observations  about 
the  sampled  assemblages  can  be  noted.  At  the  upper  site,  located  downstream  of  the 
Coolidge  town  site  (ELKHOl)  the  presence  of  5  sensitive  cold  stenotherm  taxa  in  the        ; 
scant  sample  suggest  that  water  quality  was  good  at  this  site.  Above  the  mouth  of 
Jackson  Creek  (ELKH02),  7  such  taxa  were  collected,  indicating  that  excellent  water 
quality  persisted  to  this  downstream  site.  The  presence  of  the  chloroperlid  stonefly 
Parapeda  sp.  at  this  site  may  be  an  indication  of  clean  substrates  free  from  sediment 
deposition,  since  this  animal  is  oriented  toward  hyporheic  environs.  Six  semivoltine 
taxa  were  collected  at  the  lower  site,  making  it  seem  unlikely  that  recent  dewatering  or 
other  limiting  catastrophes  occurred  here.  A  single  blepharicerid  pupa  was  taken  in  the 
sample,  suggesting  that  boulders  and  rapid  flow  conditions  may  have  accounted  for  the 
small  sample  size.  :  4  iv..  ;;  ■  f 

Gold  Creek 

Both  sampled  sites  on  Gold  Creek  supported  invertebrate  assemblaiges 
cheu-acteristic  of  unimpaired  montane  streams.  Low  biotic  index  values  (1.78  at  the 
upper  site  and  1.57  at  the  lower  site)  indicate  excellent  water  quality  in  the  sampled 
reaches.  Eleven  cold  stenotherm  taxa  were  collected  at  the  upper  site  (GOLDOl)  and  8 
were  teiken  at  the  lower  site  (GOLD02).  Cold  clean  water  apparently  characterized  Gold 
Creek. 

Fourteen  "dinger"  taxa  and  8  caddisfly  taxa  were  collected  at  the  upper  site, 
while  the  lower  site  supported  no  fewer  than  15  "dinger"  taxa  and  8  caddisfly  taxa. 
Sediment  deposition  apparently  did  not  limit  benthic  habitats  at  either  location.  Taxa 
richness  was  high  at  both  sites  (31  at  the  lower  site,  33  at  the  upper  site),  and  many 
predator  taxa  were  taken  in  each  sample.  Instream  habitats  were  likely  diverse  and 
abundantly  available.  While  stonefly  taxa  richness  (5)  was  high  at  the  lower  site,  only  2 
stonefly  taxa  were  taken  in  the  sample  collected  at  the  upper  site.  Disruption  of  reach- 
scale  habitat  features  such  as  riparisin  zone  integrity  may  account  for  this.  Long-lived 
taxa  were  well-represented  at  the  lower  site,  but  only  2  such  taxa  were  collected  at  the 
upper  site.  Periodic  dewatering  cannot  be  ruled  out  at  the  upper  site.  Functionally,  the 
assemblages  collected  at  the  two  sites  were  similar.  Both  lacked  the  expected 
proportional  contribution  of  shredders,  which  suggests  that  ripeirian  inputs  of  large 
organic  material  may  have  been  lacking,  or  perhaps  hydrologic  conditions  in  Gold  Creek 
did  not  favor  retention  of  such  material. 
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Delano  Creek 

Upstream  of  the  culvert  on  Forest  Road  83,  Delano  Creek  (DLNOOl)  supported  a 
diverse,  sensitive,  and  functional  assemblage  tjrpical  of  unimpaired  montane  streams. 
The  biotic  index  value  (2.32)  and  mayfly  taxa  richness  (11)  both  indicated  excellent 
water  quality  conditions.  No  fewer  th£in  1 3  cold  stenotherm  taxa  were  present  at  the 
site,  including  the  mayfly  Drunella  doddsi  and  the  stonefly  Yoruperia  brems. 

The  19  "dinger*  taxa  and  10  caddisfly  taxa  taken  in  the  sample  strongly  suggest 
that  sediment  deposition  did  not  limit  the  avEiilability  of  stony  substrate  habitats. 
Seventeen  predator  taxa  were  among  the  44  total  taxa  identified  at  the  site;  instream 
habitats  of  diverse  types  appeeir  to  have  been  undisturbed.  Nine  stonefly  taxa  were 
present  in  the  sample.  High  stonefly  taxa  richness  may  indicate  intact  reach  scale 
habitat  features,  such  as  stable  streambanks,  functional  riparian  zones,  auid  natural 
channel  morphology.  Dewatering  or  other  interruptions  to  long  life  cycles  are  unlikely  to 
have  been  recent  occurrences  here,  since  6  semivoltine  t£ixa  were  among  the  collected 
animals.  The  functioned  composition  of  the  benthic  assemblage  included  all  expected 
elements  in  apparently  appropriate  proportions. 

The  invertebrates  collected  at  the  lower  site  on  Delano  Creek  (DLNO02)  were 
generally  somewhat  more  tolerant;  the  biotic  index  value  calculated  for  this  assemblage 
was  3.12.  Eight  mayfly  taxa  were  present  in  the  sample.  These  findings  suggest  that 
water  qusdity  was  good  at  this  site.  Five  cold  stenotherms  tgiken  in  the  collection 
included  the  stoneflies  Visoka  cataractae  and  Megarcys  sp.  Cold  clean  water  appears  to 
have  characterized  this  site. 

Both  the  'dinger*  and  caddisfly  faunae  were  depauperate,  however.  Only  9 
"dinger"  taxa  were  present  in  the  sample,  and  only  2  caddisfly  taxa  were  collected. 
These  findings  suggest  that  sediment  deposition  may  have  limited  stony  benthic 
habitats  at  this  site.  Stonefly  taxa  were  also  less  rich  than  expected;  low  Plecoptera  taxa 
richness  may  be  associated  with  disruption  of  reach  scale  habitat  features.  The  dearth 
of  shredder  taxa  among  the  functional  components  suggests  that  ripairian  zone  function 
may  have  been  limited  here.  Long-lived  taxa  were  conspicuously  scarce;  only  2 
semivoltine  taxa  were  present  in  the  collection.  Midges  made  up  48%  of  sampled 
animals.  These  findings  could  be  related  to  periodic  dewatering  of  the  reach,  recent 
scouring  sediment  pulses,  or  other  catastrophic  interruptions  of  long  life  cycles. 

Jerry  Creek 

Water  quality  indicators  calculated  on  the  assemblage  collected  at  Jerry  Creek 
(JERROl)  suggest  that  water  quality  was  good  at  this  site.  The  biotic  index  value  (2.19) 
was  low,  and  the  mayfly  taxa  richness  (9)  was  high.  Three  cold  stenotherm  taxa  were 
present  at  the  site,  including  the  mayflies  Baetis  bicaudatus  and  Drunella  spinifera. 
These  findings  indicate  the  probability  that  cold  clean  water  characterized  this  site. 

Fewer  "dinger"  taxa  than  expected  were  taken  in  the  sample,  and  only  2 
caddisfly  taxa  were  identified.  Sediment  deposition  may  have  compromised  stony 
substrate  habitats  here.  Reach  scale  habitat  features  may  have  been  disturbed  to  some 
extent,  since  the  stonefly  taxa  richness  was  low;  only  2  Plecoptera  taxa  were  collected. 
Low  stonefly  richness  may  be  associated  with  unstable  streaunbanks,  chainnel 
alteration,  or  loss  of  ripeirian  zone  integrity.  A  single  individual  in  a  long-lived  taxon  was 
present  in  the  sample.  Long-lived  taxa  are  expected  to  be  common  in  streeims  where 
surface  flow  persists  year-round,  and  where  other  catastrophes  such  as  scouring 
sediment  pulses  have  not  recently  occurred.  All  expected  functional  elements  were 
present  in  the  sample.  The  small  number  of  filter-feeders  was  notable,  suggesting  that 
fine  suspended  peirticulate  material  was  sparse. 
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Charcoal  Gulch  Creek 

The  sample  collected  at  Charcoal  Gulch  Creek  (CHRGOl)  consisted  of  181 
organisms,  which  is  fewer  than  necessary  to  render  the  bioassessment  method  reliable. 
In  spite  of  this,  some  observations  relative  to  water  and  habitat  quality  can  be  ventured. 
Five  sensitive  cold  stenotherm  taxa  were  among  the  sampled  animals,  suggesting  that 
cold  clesm  water  probably  characterized  the  site.  Turbellauian  flatworms  were  common; 
groundwater  inputs  may  influence  flows  here. 

The  site  supported  at  least  6  caddisfly  taxa,  but  only  10  "dingers"  were  taken. 
Nonetheless,  it  seems  unlikely  that  sediment  deposition  was  a  significant  limitation  to 
benthic  colonization.  Although  the  sample  size  was  small,  37  teuca  were  identified, 
suggesting  that  instream  habitats  were  diverse  and  undisturbed.  Reach  scale  habitat 
features  were  probably  undisturbed  as  well,  since  stonefly  taxa  richness  (4)  was  within 
expected  limits.  Filter-feeders  were  rare  in  the  sample;  all  other  expected  functional 
components  were  present. 

Divide  Creek 

Non-insect  taxa,  especially  snails  and  worms,  dominated  the  sstmple  collected  at 
the  Divide  Creek  site  at  Freely  (DIVDOl).  Only  3  individuals  in  the  mayfly  genus 
Tricorythodes  sp.  were  taken  in  the  sample,  and  the  biotic  index,  value  (7.24)  was  high. 
Water  quality  was  likely  impaired  by  warm  temperatures  and  nutrient  enrichment  here. 
No  cold  stenotherms  were  among  the  sampled  assemblage.  Near-lentic  conditions  were 
at  least  part  of  the  sampled  environs. 

The  number  of  "dinger"  taxa  (4)  collected  was  very  low,  and  a  single  caddisfly 
taxon  was  present  in  the  sample.  Silty  or  muddy  substrates  were  likely.  Only  23  taxa 
were  identified,  suggesting  that  instream  habitats  were  monotonous;  it  seems  probable 
that  macrophyte  surfaces  and  the  water  column  provided  the  most  hospitable  habitats 
at  this  site.  Immature  corixids  were  abundstnt.  Stoneflies  were  likely  excluded  by  warm 
temperatures,  and  lack  of  suitable  flow  conditions.  Dewatering  or  lethal  thermal 
chgJlenges  cannot  be  ruled  out  at  this  site;  although  4  semivoltine  taxa  were  collected,  2 
of  these  are  opportunistic  colonizers  [Haliplus  sp.  and  Brychius  sp.),  and  no  adults  were 
apparent  among  the  elmids.  The  functional  composition  of  the  assemblage  indicates 
that  macrophytes  provide  an  important  energy  source  for  the  invertebrate  community. 

A  moderately  rich  mayfly  fauna  (4  taxa)  and  lower  biotic  index  value  (3.78) 
suggest  that  the  downstream  site  on  Divide  Creek  (DrVD02)  had  somewhat  better  water 
quality  compared  to  the  upstream  site.  The  composition  of  the  invertebrate  assemblage 
seemed  to  indicate  that  both  flowing  and  still  water  areas  were  seimpled  here.  The 
heptageniid  mayfly  Mxe  sp.  was  present;  this  animed  requires  lotic  environs,  but  the 
dytiscid  Uodessus  sp.  suggests  dense  vegetation  and  lentic  flow  conditions.  Warm  water 
temperatures  and  nutrient  enrichment  Eire  indicated  by  the  taxa  present  here. 

Silty  or  muddy  benthic  substrates  likely  dominate  the  site,  since  caddisfly  taxa 
(1)  were  rare  and  "dingers"  uncommon  (5).  Most  of  the  'dinger'  tEixa  collected  in  the 
sample  were  probably  associated  with  macrophyte  surfaces  rather  than  stony  surfaces. 
No  stoneflies  were  collected;  thermal  conditions  do  not  seem  to  have  been  favorable  for 
them.  Dewatering  or  periodic  lethal  temperatures  cannot  be  ruled  out,  since  non- 
opportunistic  semivoltine  animals  were  apparently  not  common  here.  Gatherers 
dominated  the  functional  composition  of  the  invertebrate  assemblage,  suggesting  an 
aunple  supply  of  fine  particulate  organic  material. 

MacLean  Creek 

Although  the  mayfly  taxa  richness  (4)  of  the  sample  collected  at  MacLean  Creek 
(MCLNOl)  was  lower  than  expected,  the  biotic  index  value  (3.27)  suggests  that  water 
quedity  was  essentially  unimpaired  here.  The  site  supported  at  least  7  sensitive  cold 
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stenotherm  taxa,  including  the  stonefly  Zapada  columbiana  and  the  caddisfly 
Cryptochia  sp.  These  findings  imply  that  cold  clean  water  characterized  this  site.  The 
presence  of  abundant  turbellarian  flatworms  in  the  sampled  assemblage  suggests  that 
groundwater  may  influence  flow  here. 

Only  7  'dinger'  taxa  were  collected,  but  caddisfly  taxa  richness  (5)  was  within 
expectations.  Sediment  deposition  may  compromise  hard  substrate  habitats  to  some 
extent  at  this  site.  High  overall  taxa  richness  (36)  and  abundant  predator  taxa  (11) 
madce  it  seem  likely  that  instream  habitats  of  diverse  types  were  available.  Six  stonefly 
taxa  were  present  in  the  sample;  this  finding  corresponds  to  expectations  for  a  foothill 
watershed  in  which  ripauian  zone  function,  stream  channel  morphology,  and 
streambank  integrity  are  all  intact.  A  few  semivoltine  taxa  were  collected.  Periodic 
dewatering  or  other  life- interrupting  catastrophes  cannot  be  ruled  out.  The  functional 
composition  of  the  invertebrate  assemblage  incorporated  all  expected  elements. 
Abundant  shredders  suggest  eunple  inputs  of  organic  debris  from  the  ripeuian  zone  and 
hydrologic  conditions  that  promote  retention  of  such  material.  The  dearth  of  filter- 
feeders  is  notable,  and  suggests  that  suspended  fine  organic  matter  was  not  an 
important  energy  source  for  this  assemblage. 

Soap  Creek 

At  the  upper  site  on  Soap  Creek  (SOAPOl),  low  ma3rfly  taxa  richness  (4)  coupled 
with  a  relatively  high  biotic  index  value  (5.56)  suggest  that  water  quality  was  impaired. 
The  dominant  taxon,  a  fingernail  clam  in  the  family  Pisidiidae,  is  quite  tolerant  and 
skews  the  biotic  index  value.  Other  components  of  the  invertebrate  fauna  include  2 
sensitive  cold  stenotherm  tetxa  (the  caddisfly  Apatania  sp.  emd  the  dipteran  Glutops  sp.). 
Although  not  abundant,  the  presence  of  these  2  animals  suggests  that  impairment  to 
water  quality  was  probably  not  as  severe  as  the  biotic  index  value  implies.  Mild  nutrient 
enrichment  is  the  likely  source  of  impairment.  Abundant  turbellau-ian  flatworms  suggest 
that  groundwater  may  influence  flow  here. 

Only  9  "dinger*  taxa  were  taken  in  the  sample.  Five  caddisfly  taxa  were  present, 
but  all  were  uncommon.  Sediment  deposition  appeairs  to  have  compromised  stony 
substrate  habitats  at  this  site.  Low  stonefly  taxa  richness  (2)  suggests  that  reach  scade 
habitat  features  may  have  suffered  disturbance.  Only  7  individual  stoneflies  were 
present.  Periodic  dewatering  cannot  be  ruled  out,  since  the  sample  contained 
representatives  of  only  2  semivoltine  taxa.  Both  taxa  were  beeties  in  the  family  Elmidae 
{Heterlimnius  sp.  and  Optioseruus  sp.)  and  adults  among  them  were  rare.  The  functional 
composition  of  the  assemblage  was  skewed  toward  gatherers,  a  reflection  of  the 
dominance  of  fingernadl  clams  at  the  site. 

Better  water  quality  was  suggested  by  the  invertebrate  assemblage  collected  at 
the  lower  Soap  Creek  site  (SOAP02).  Here  5  mayfly  taxa  were  taken  in  the  sample,  and 
the  biotic  index  calculated  for  the  assemblage  as  a  whole  was  4.30.  Fingernail  clams 
made  up  14%  of  the  sampled  assemblage,  and  the  biotic  index  value  continued  to  show 
their  influence  on  the  calculation.  There  may  have  been  some  mild  nutrient  enrichment 
at  this  site.  Three  cold  stenotherm  teixa  were  collected,  suggesting  that  water 
temperatures  were  cold.  Abundant  turbellariein  flatworms  suggested  that  groundwater 
influenced  flow  here. 

The  "dinger*  fauna  (12  taxa)  was  richer  here  than  at  the  lower  site,  but 
remained  less  diverse  than  expected.  Caddisfly  taxa  richness  (4)  was  also  low.  Sediment 
deposition  may  have  contaminated  stony  substrates  to  some  extent.  Overall  taxa 
richness  (38),  however,  was  high;  this  suggests  that  instream  habitats  were  not 
extensively  disturbed.  Only  3  stonefly  taxa  were  taken  in  the  sample;  low  stonefly 
richness  may  be  associated  with  disturbance  to  reach  scale  habitat  features.  Long-lived 
taxa  (6)  were  well-represented,  thus  it  seems  unlikely  that  recent  dewatering  or  other 
disasters  influenced  biotic  health  here.  Filter-feeders  were  notably  absent  from  the 
functional  mix,  which  was  dominated  by  gatherers. 
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Camp  Creek 

Upstream  from  its  confluence  with  Wickup  Creek,  Camp  Creek  (CAMPOS) 
supports  a  sensitive,  diverse,  and  functional  invertebrate  assemblage  characteristic  of 
unimpaired  montane  streams  in  the  region.  The  low  biotic  index  value  (2.41)  and  high 
mayfly  taxa  richness  (11)  suggest  excellent  water  quality.  The  sample  included 
representatives  of  4  cold  stenotherm  taxa,  including  the  stonefly  Doroneuria  sp.  and  the 
mayfly  Drunella  doddst  Cold  clean  water  is  indicated  by  these  findings. 

At  least  20  "dinger"  taxa  and  8  caddisfly  taxa  were  supported  at  this  site, 
implying  that  stony  benthic  substrates  were  essentiaJly  free  from  sediment  deposition. 
Total  taxa  richness  (41)  was  high;  instream  habitats  were  likely  diverse  and  available. 
Five  stonefly  taxa  were  collected,  suggesting  that  reach  scale  habitat  features  were 
undisturbed.  Dewatering  or  other  life  cycle  interruptions  seem  unlikely  since  at  least  8 
semivoltine  taxa  were  present  at  the  site.  Functionally,  all  expected  constituents  were 
appropriately  represented.  The  gregairious  elmid  Heterlimnius  sp.  dominated  the 
taxonomic  composition  of  the  sampled  assemblage. 

Two  miles  east  of  the  Interstate  highway.  Camp  Creek  (CAMP02)  exhibits 
degraded  water  quality  and  habitat  disturbauices.  A  single  taxon,  the  tolerant  Baetis 
tricaudatus,  represented  the  ma3?fly  fauna  here.  The  biotic  index  vEilue  (4.19)  was  higher 
than  expected  for  a  valley  streaun.  Impairment  by  mild  nutrient  enrichment  seems  the 
likely  explanation  for  these  findings.  The  caddisfly  Hydroptila  sp.  was  common, 
suggesting  that  filaimentous  algae  were  present  at  the  site. 

Only  9  "dinger"  taxa  etnd  3  caddisfly  taxa  were  collected,  suggesting  that 
sediment  deposition  may  have  limited  the  availability  of  stony  substrate  habitats  at  this 
site.  The  overall  taxa  richness  (30)  was  also  somewhat  blunted;  instream  habitats  may 
have  been  monotonous.  Reach  scale  habitat  features  such  as  streambcinks,  riparian 
zones,  and  channel  morphological  components  were  probably  generally  intact,  since  the 
stonefly  taxa  richness  (5)  was  within  expectations.  Although  only  3  semivoltine  taxa 
were  present,  adult  elmids  were  common;  it  seems  probable  that  dewatering  or  other 
catastrophes  had  not  recently  affected  this  reach.  The  absence  of  filter-feeders  from  the 
functional  mix  was  notable.  All  other  functional  components  were  present. 

Near  its  mouth,  Camp  Creek  (CAMPOl)  yielded  a  sample  with  few  ma5^y  taxa  (3) 
and  a  substantially  elevated  biotic  index  value  (6.96).  Worms,  scuds,  and  biting  midges 
(Ceratopogoninae)  dominated  the  fauna  collected  here.  Nutrient  enrichment  is 
suggested  by  the  taixonomic  composition  of  the  sampled  assemblage.  No  cold 
stenotherms  were  present  in  the  sample;  warm  water  temperatures  may  have 
additionally  limited  biotic  potential  here. 

A  single  caddisfly  was  identified,  and  "dinger"  taxa  richness  (7)  was  low.  Silty  or 
muddy  substrates  were  likely.  Near-lentic  flow  conditions  are  suggested  by  the  lack  of 
rheophilic  taxa.  Stoneflies  may  have  been  excluded  by  water  quality  conditions  or 
unsuitable  flow  regimes.  All  3  semivoltine  taxa  collected  here  were  represented  only  by 
larval  forms;  episodic  dewatering  or  lethal  thermal  challenges  cannot  be  ruled  out.  The 
functional  mix  was  dominated  by  gatherers,  consistent  with  nutrient  enriched  environs. 

Grose  Creek 

The  high  biotic  index  value  (4.28)  and  low  mayfly  taxa  richness  (1)  make  it  seem 
likely  that  water  quality  at  the  sampled  site  on  Grose  Creek  (GROSOl)  was  impaired  by 
nutrient  enrichment  and  warm  water  temperatures.  No  sensitive  taxa  and  no  cold 
stenotherms  were  present  in  the  sample.  Groundwater  may  influence  flow  at  this  site; 
turbellsirian  flatworms  were  common. 

Only  4  caddisfly  taixa  and  7  "dinger"  taxa  were  collected.  Sediment  deposition 
may  interfere  with  the  avadlability  of  stony  substrate  habitats.  Stoneflies  were 
represented  by  a  single  taxon  (Malenka  sp.);  other  taxa  may  have  been  excluded  by 
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water  quality  limitations.  Adults  were  present  among  the  collected  elmid  beetles,  and 
other  semivoltine  taxa  were  also  present,  suggesting  that  dewatering  or  other  recent 
diseisters  were  unlikely.  The  functional  composition  of  the  assemblage  was  made  up  of 
all  the  expected  elements;  predators  were  abundemt. 

Lost  Creek 

Good  water  quaility  apparently  characterized  the  upstream  site  on  Lost  Creek 
(LOST02),  although  only  4  mayfly  taxa  were  present  in  the  invertebrate  sample.  The  low 
biotic  index  value  (3.08)  lends  credibility  to  this  hypothesis.  No  fewer  than  8  cold 
stenotherm  taxa  were  collected  here,  including  the  mayflies  Baetis  bicaudatus  and 
Epeorus  grandis.  TurbellEirian  flatworms  were  prolific;  these  animals  may  be  associated 
with  areas  of  groundwater  input. 

Twelve  "dinger"  taxa  are  slightly  fewer  than  expected,  but  9  caddisfly  taxa  were 
present  in  the  sample.  It  seems  unlikely  that  sediment  deposition  appreciably  limited 
access  to  hsird  substrate  habitats.  Overall  taxa  richness  (37)  was  high;  diverse 
undisturbed  instream  habitats  appear  to  be  indicated.  The  rich  stonefly  fauna  (7  taxa) 
may  be  associated  with  intact  reach  scale  habitat  features  such  as  streambanks, 
ripariain  zones,  and  channel  morphology.  Semivoltine  tcixa  were  adequately  represented; 
recent  dewatering,  scour  by  sediment  pulses,  or  other  lethal  catastrophes  probably  did 
not  occur  here.  Filter-feeders  were  notably  lacking,  consistent  with  a  low  order  stream. 
All  other  expected  functional  components  were  present  in  appropriate  proportions. 

One  mile  west  of  the  freeway,  good  water  quaJity  persisted  in  Lost  Creek 
(LOSTOl).  Six  nnayfly  teoca  were  present  in  the  sample,  and  the  biotic  index  value  (3.08) 
was  within  expected  limits  for  a  foothill  stream.  Among  the  sampled  animals  were  3 
cold  stenotherm  taxa.  Water  temperatures  appear  to  have  been  appropriate  for  this 
stream.  The  large  number  of  turbellarian  flatworms  in  the  collection  suggests  that 
groundwater  inputs  contributed  to  flow  in  this  reach. 

Seven  caddisfly  taxa  were  collected,  along  with  13  "dinger"  taxa.  Although  the 
"dinger"  fauna  was  slightly  less  rich  than  expected,  sediment  deposition  probably  did 
not  obliterate  stony  benthic  substrates.  The  high  taxa  richness  (42)  suggests  that 
instream  habitats  were  generally  undisturbed.  Abundant  stoneflies  in  6  taxa  were 
present  in  the  sample;  reach  scale  habitat  features  were  probably  intact.  Dewatering  or 
other  catastrophic  insults  apparently  did  not  recently  occur  here,  since  the  site 
supported  at  least  6  semivoltine  taxa.  Functionally,  the  very  small  contribution  of  filter- 
feeders  was  notable.  All  other  expected  elements  were  appropriately  represented. 

CONCLUSIONS 

•  Both  sites  on  Pine  Creek  supported  assemblages  that  exhibited  symptoms  of 
tolerance  to  warmer  water  temperatures.  The  thermal  regimes  of  Pine  Creek  at 
these  locations  may  be  entirely  appropriate  for  a  valley  stream.  Reach-scale 
habitat  features  may  have  suffered  some  disturbance  at  the  lower  site  (PINE02). 

•  Benthic  assemblsiges  present  in  Fox  Creek  were  diverse  and  sensitive  in  the 
upper  reach  (FOXOl),  and  more  tolerant  to  warmer  water  in  the  lower  reach 
(FOX02). 

•  Warming  water  temperatures  between  the  upstream  reach  (WRMSOl)  and  the 
downstream  reach  (WRMS02)  in  Warmsprings  Creek.  At  both  sites,  limited 
stonefly  fauna  and  dominant  scrapers  suggested  the  possibility  that  riparian 
shading  was  limited. 

•  The  sampled  reaches  of  Francis  Creek  (FRANOl  and  FRAN02)  yielded 
invertebrate  assemblages  chsiracteristic  of  low  gradient,  muddy  or  silty  valley 
channels.  Warm  water  temperatures,  near-lentic  flow  conditions,  and  nutrient 
enrichment  appear  to  be  limiting  factors  at  these  sites. 
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Swamp  Creek  assemblages  suggest  low  gradient,  silty  channels,  and  near-lentic 

conditions.  Warm  water  temperatures  and  nutrient  enrichment  likely  limit  biotic 

health  at  both  sites  (SWMPOl  and  SWMP02).  The  lower  site  apparently  had  both 

standing  water  and  flowing  water,  and  both  habitat  types  appear  to  have  been 

sampled. 

The  North  Fork  Big  Hole  River  supported  benthic  assemblages  characteristic  of 

relatively  unimpaired  riverine  sites.  Good  water  quality  and  adequate  habitat 

features  are  consistent  with  the  aquatic  fauna  collected  at  both  sampled  sites 

(BGHNFOl  and  BGHNF02). 

The  upper  site  on  McVey  Creek  (MCVYOl)  yielded  a  sample  vrith  too  few 

organisms  for  reliable  bioassessment.  This  dearth  of  benthic  animals  could 

indicate  severe  water  quality  or  habitat  disturbances.  The  lower  site  (MCVY02) 

was  similar  to  the  other  valley  floor  sites  sampled  for  this  study:  warm  water 

temperatures  and  nutrient  enrichment  were  likely. 

On  Doolittle  Creek,  the  upper  site  (DOLTOl)  supported  £in  assemblage 

characteristic  of  an  unimpaired  montane  stream.  The  lower  site  (DOLT02) 

yielded  a  sample  with  too  few  organisms  for  reliable  bioassessment.  Given 

adequate  sampling  effort,  small  sample  size  could  suggest  severe  challenges  to 

water  quality  and /or  habitat. 

Tlie  sample  collected  at  Sawlog  Creek  (SWLGOl)  contained  too  few  organisms  for 

bioassessment  or  interpretation.  Small  sample  size  when  sampling  effort  has 

been  adequate  could  suggest  severe  habitat  disturbances  or  water  quality 

problems. 

Good  water  qusJity  and  intact  instream  habitats  seem  to  be  indicated  by  the 

sampled  assemblages  at  both  sites  on  Fish  trap  Creek  (FSHTOl  and  FSHT02). 

LaMarche  Creek  supported  diverse  invertebrate  assemblages  at  both  sampled 

sites  (LMCHOl  and  LMCH02).  Good  water  quality  and  undisturbed  instream 

habitats  are  suggested  by  characteristics  of  the  sampled  taxa. 

Boulders  and  rapid  flow  may  have  resulted  in  low  invertebrate  abundances  in 

samples  collected  at  sites  on  Elkhorn  Creek  (ELKHOl  and  ELKH02).  Although 

bioassessment  scores  are  unreliable  due  to  scant  sample  sizes,  characteristics  of 

the  assemblages  suggest  cold  clean  water  at  both  sites,  and  substrates  clean  of 

sediment  deposition  at  the  lower  site. 

Both  sites  on  Gold  Creek  (GOLDOl  Etnd  GOLD02)  supported  diverse,  sensitive 

benthic  assemblages  characteristic  of  unimpaired  montane  streams.  Excellent 

water  quality  and  cold  temperatures  were  suggested.  Instream  habitat  indicators 

implied  that  there  were  abundant  diverse  niches. 

Delano  Creek  supported  a  functional,  diverse,  and  sensitive  assemblage  in  its 

upper  reach  (DLNOOl),  but  sediment  deposition  appeared  to  limit  the  potential 

of  the  lower  site  (DLNO02).  Dewatering  or  other  disasters  may  have  recently 

occurred  at  the  lower  site. 

Water  quality  was  probably  good  at  the  Jerry  Creek  site  (JERROl),  but  sediment 

deposition  and  reach  scale  habitat  disturbances  may  limit  biologic  potential 

here.  Recent  dewatering,  scouring  sediment  pulses,  or  other  life  cycle 

interruptions  cannot  be  ruled  out.  . 

In  spite  of  the  small  sample  collected  at  Charcoal  Gulch  Creek  (CHRGOl),  the 

taxonomic  composition  of  the  assemblage  seems  to  indicate  good  water  quality 

and  undisturbed  habitats. 

Divide  Creek  sites  (DrVDOl  and  DrVD02)  had  characteristics  of  low  gradient 

valley  floor  sites;  warm  water  temperatures,  near-lentic  flow  conditions  over 

large  sampled  areas,  and  nutrient  enrichment  may  limit  the  invertebrate 

assemblages  to  tolerant  taxa. 
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The  invertebrate  assemblage  collected  at  MacLean  Creek  (MCLNOl)  suggested 

cold  clean  water.  Sediment  deposition  may  impair  benthic  habitats  here. 

Periodic  dewatering  cannot  be  ruled  out. 

Sediment  deposition  and  mild  nutrient  enrichment  may  have  influenced  the 

benthic  assemblages  at  both  Soap  Creek  sites  (SOAPOl  and  SOAP02).  Periodic 

dewatering  cannot  be  ruled  out  at  the  upper  site. 

Camp  Creek  appeared  to  be  essentially  unimpaired  at  the  uppermost  sampled 

site  (CAMP03)  but  impedrment  by  nutrient  enrichment  and  fine  sediments 

increased  in  downstream  reaches  (CAMP02  Eind  CAMPOl).  Periodic  dewatering 

or  high  water  temperatures  may  further  limit  biotic  potential  in  the  middle  and 

lower  reaches. 

Water  quality  impEiirment  by  nutrients  and  warm  temperatures  may  limit  the 

invertebrate  fauna  at  Grose  Creek  (GROSOl).  Sediment  deposition  appears  to 

contaminate  the  substrates. 

Both  sites  on  Lost  Creek  (LOST02  and  LOSTOl)  supported  diverse,  sensitive, 

functional  assemblages  characteristic  of  unimpaired  streams. 


Ordination  Studies 

To  summarize  similarities  between  invertebrate  assemblages  in  this  study,  a 
sites-by-t£ixa  matrix  was  constructed,  using  the  relative  abundance  of  each  taxon  at 
each  site.  Principal  Components  Analysis  (PCA)  was  used  to  generate  a  graphical 
ordination  of  the  data.  Ordination  produces  a  plot  in  which  similar  assemblages  are 
graphed  close  together,  and  dissimilar  assemblages  are  far  apart.  Figures  3  and  4  give 
the  results  of  the  PCA. 

Figure  3  illustrates  the  ordination  of  all  40  invertebrate  assemblages.  Swamp 
Creek  (SWMPOl  and  SWMP02)  and  Grose  Creek  (GROSOl)  assemblages  are  clearly 
outliers.  Large  proportions  of  the  tolerant  mayfly  Caenis  sp.  distinguish  the  Swamp 
Creek  communities.  This  creature  is  typicedly  associated  with  lentic  flow  conditions, 
abundant  macrophytes,  and  nutrient  enrichment.  Swamp  Creek  sites  were  the  only 
sites  harboring  Caenis  sp.  Grose  Creek  yielded  £in  assemblage  unique  among  those 
sampled  in  that  it  was  dominated  by  the  predatory  filter-feeding  caddisfly  Parapsyche 
almota.  The  unusual  assemblage  collected  here  contained  lentic  as  well  as  lotic,  and 
relatively  sensitive  as  well  as  very  tolerant  elements. 

The  remgdning  assemblages  occupy  2  tight  clusters  and  an  additional  loose 
array  in  Figure  3.  In  order  to  magnify  the  similarities  and  differences  in  these  non- 
outlying  assemblages,  the  ordination  was  re-run,  with  the  Swamp  Creek  and  Grose 
Creek  sites  eliminated.  The  resulting  ordination  is  given  in  Figure  4. 

In  this  figure,  the  majority  of  invertebrate  assemblages  are  clustered  tightly  in 
the  center  of  the  plot,  suggesting  that  most  assemblages  studied  had  a  high  degree  of 
similarity.  These  assemblages  cam  be  generally  cheiracterized  by  more  sensitive  taxa 
such  as  the  stonefly  Kogotus  sp.,  heptageniid  mayflies  including  Cinygmula  sp.,  Epeorus 
spp.,  and  ephemerellid  mayflies  such  as  Serratella  tibialis  and  Ephemerella  spp.  These 
t£ixa  suggest  instream  habitats  with  clean  stony  substrates,  and  good  water  quality. 

The  loose  array  of  sites  including  Lost  Creek  (LOSTOl  and  LOST02),  the  lower 
site  on  Delano  Creek  (DLNO02),  Charcoal  Gulch  (CHRGOl),  and  MacLean  Creek 
(MCLNOl)  support  sensitive  assemblages  similar  to  those  of  the  large  cluster,  but  are 
distinguished  by  the  universal  occurrence  among  them  of  moderate  to  large  numbers  of 
turbellarian  flatworms.  These  are  the  only  sites  to  support  the  leuctrid  stonefly 
Despaxia  augusta.  These  observations  seem  to  suggest  that  groundwater  inputs  and 
hyporheic  connections  were  perhaps  more  important  at  these  sites  than  at  others. 
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The  2  sampled  sites  on  the  North  Fork  Big  Hole  River  (BGHNFOland  BGHNF02) 
were  distinguished  from  the  other  sites  by  assemblages  containing  forms  such  as 
Brachycentrus  occidentalis,  Timpanoga  hecuba,  and  Pteronarcella  sp.  At  the  upper  site 
on  Camp  Creek  (CAMPOS)  which  appears  as  an  outlier  in  this  plot,  large  numbers  of 
both  Hydropsyche  sp.  and  Arctopsyche  grandis  were  importeint  components  of  the 
invertebrate  assemblage.  It  was  also  the  only  site  to  support  large  numbers  of  the 
sensitive  elmid  Lara  avara. 

The  cluster  of  sites  including  Divide  Creek  (DIVDOl  and  DIVD02),  Francis  Creek 
(FRANOl  and  FRAN02),  and  the  lowermost  site  on  Camp  Creek  (CAMPOl)  are  the  low 
gradient,  soft-bottomed  sites  that  supported  assemblages  rich  in  amphipods  (Hyalella 
sp.)  leeches,  and  corixids. 

Habitat  Assessment 

Figures  5a  and  5b  graphically  compare  total  habitat  assessment  scores  recorded 
for  the  40  sites  in  this  study.  Tables  5a  through  5d  show  the  habitat  parameters 
evaluated,  parameter  scores  and  overall  habitat  evaluations  for  the  sites  studied. 
Habitat  conditions  at  all  sites  were  judged  either  optimal  or  sub-optimal. 
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Habitat  scores  vs.  bloassessment  scores 

When  habitat  assessment  scores  are  plotted  against  bioassessment  scores,  the 
resulting  figure  provides  an  opportunity  to  evaluate  the  hypothetical  relationship 
between  habitat  integrity  and  water  quality.  Both  factors  are  critical  and  interactive 
determinants  of  the  composition  and  functionaJ  integrity  of  aquatic  invertebrate 
assemblages.  Presumably,  high  quality  habitat,  in  the  absence  of  impairments  to  water 
quality,  supports  functional,  diverse,  and  sensitive  invertebrate  assemblages;  these  are 
assemblages  that  attain  high  bioassessment  scores.  Barbour  and  Stribling  (1991)  have 
hypothesized  that  diminishing  habitat  quality  should  produce  predictable  diminishment 
of  bioassessment  scores,  when  water  quality  is  not  a  further  insult.  Figure  6  is  a  plot  of 
habitat  assessment  scores  agednst  bioassessment  scores  for  the  2003  sampled 
assemblages  of  the  Big  Hole  River  watershed.  The  red  line  superimposed  on  the  plot 
roughly  represents  the  hypothetical  relationship  between  habitat  quality  and  biotic 
integrity  given  good  water  quality.  In  this  model,  symbols  falling  in  the  upper  right  area 
of  the  graph  would  represent  sites  with  high  scores  for  both  bioassessment  and  habitat 
assessment;  according  to  this  model,  these  would  be  unimpaired  sites  both  in  terms  of 
habitat  integrity  as  well  as  water  quality.  Fourteen  Big  Hole  River  watershed  sites  fall 
into  this  approximate  area  of  Figure  6.  These  are  GOLD02,  DLNOOl,  LOSTOl,  LOST02, 
MCLEANOl,  CHRGOl,  GOLDOl,  CAMP03,  DOLTOl,  FOXOl,  DLNO02,  ELKHOl, 
PINEOl,  gtnd  LMCHOl.  Some  degree  of  habitat  degradation  is  hjrpothesized  for  sites 
located  along  or  near  the  downward  progression  of  the  red  line,  that  is,  when 
bioassessment  scores  Eire  fsdling  predictably  with  decreasing  habitat  scores.  Sites  falling 
into  this  region  include  WRMSOl,  SOAP02,  and  BGHNF02,  and  GROSOl.  When  habitat 
scores  remain  high,  but  bioassessment  scores  are  inordinately  low,  sites  fall  into  the 
lower  right  hand  area  of  the  plot.  According  to  the  model,  these  sites  support 
invertebrate  assemblages  that  are  impacted  mostly  by  impairment  to  water  quality.  The 
plot  in  Figure  6  indicates  that  22  sites  fall  into  this  area.  They  are  SOAPOl,  FSHT02, 
JERROl.  FSHTOl,  FOX02,  LMCH02,  WRMS02,  BGHNFOl,  CAMP02,  SWMP02,  PINE02, 
MCVYOl,  DOLT02,  MCVY02,  FRANOl,  DIVD02,  SWMPOl,  SWLGOl,  CAMPOl,  FRAN02, 
andDIVDOl. 
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